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ABSTRACT
The standard model of cosmic ray propagation has been very successful in explaining all kinds of the
Galactic cosmic ray spectra. However, high precision measurement recently revealed the appreciable
discrepancy between data and model expectation, from spectrum observations of γ-rays, e+/e− and
probably the B/C ratio starting from ∼10 GeV energy. In this work, we propose that the fresh cosmic
rays, which are supplied by the young accelerators and detained by local magnetic field, can contribute
additional secondary particles interacting with local materials. As this early cosmic ray has a hard
spectrum, the model calculation results in a two-component γ-ray spectrum, which agree very well
with the observation. Simultaneously, the expected neutrino number from the galactic plane could
contribute ∼ 60% of IceCube observation neutrino number below a few hundreds of TeV. The same
pp-collision process can account for a significant amount of the positron excesses. Under this model,
it is expected that the excesses in p/p and B/C ratio will show up when energy is above ∼10 GeV.
We look forward that the model will be tested in the near future by new observations from AMS02,
IceCube, ASγ, HAWC and future experiments such as LHASSO, HiSCORE and CTA.
1. INTRODUCTION
Recent decade has witnessed the great progress made
in Cosmic Ray (CR) physics. With new generation of
space borne and ground based experiments, CRs are
stepping into an era of high precision. PAMELA dis-
covered a clear positron excess for energy between 10-
100 GeV in 2009 (Adriani et al. 2009a). Recently, the
AMS2 collaboration has released its first result, i.e. the
positron fraction e+/(e−+e+) measurement with energy
between ∼ 0.5 GeV to ∼ 350 GeV (Aguilar et al. 2013),
which confirmed PAMELA positron excess with unprece-
dented high precision. These results have stimulated
a lot of theoretical studies with point of view from ei-
ther exotic process (Bergstro¨m et al. 2008; Barger et al.
2009; Yin et al. 2009; Zhang et al. 2009) or astrophysics
process (Yu¨ksel et al. 2009; Hooper et al. 2009; Hu et al.
2009; Blasi 2009).
Due to the fact that anti-proton excess has not
been observed, the contribution to the e+ excess
from the interaction between CRs and InterStellar
Medium (ISM) was generally regarded as unlikely and
ignorable (Adriani et al. 2009b; Blasi & Serpico 2009;
Mertsch & Sarkar 2009). Later on, high precision obser-
vation of diffuse γ-rays obtained by Fermi-LAT shows
that the discrepancy between data and model pre-
diction above ∼10 GeV is evident (Ackermann et al.
2012a). Fermi-LAT excess actually is consistent with
the multi-TeV excess observed by MILAGRO in in-
ner galactic plane (Abdo et al. 2008) by taking into ac-
count the contribution from fresh CRs(Vo¨lk & Berezhko
2013). The diffuse γ-ray in CYGNUS region within
tens of degrees observed by Fermi-LAT and MILAGRO
(Ackermann et al. 2012b) was also explainable by fresh
CRs (Bi et al. 2009). The continued excess all over the
galactic plane and no excess outside the galactic plane
does not favour the dark matter interpretation. Con-
sidering the fast energy loss, the IC scattering process
of electron is constrained by earlier study(Atoyan et al.
1995). In short, the diffuse γ-ray excess tends to suggest
the existence of the extra CRs, which interact with the
ISM.
The neutrino could only be generated from the inter-
action between CRs and ISM, which make it a unique
probe to study the origin and acceleration of CRs.
Thanks to the IceCube experiment, the very high en-
ergy neutrino observation has made great progress. The
IceCube collaboration reported the detections of two
PeV neutrino events and 26 other neutrino events from
30 to 400 TeV with 2-year data (Aartsen et al. 2013;
IceCube Collaboration 2013). The number of events
exceeds the background by 2.8σ and 3.3σ respectively.
Recently updated result with a total number of 37
neutrino events from 30 TeV to 2 PeV correspond-
ing to 5.7σ has been published for 3-year data com-
bined (Aartsen et al. 2014b). By including the TeV
energy neutrinos, the spectrum can be described by a
power law with an index of -2.46. Two types of ori-
gins have been discussed in literatures: galactic and
extra-galactic sources. As the extra-galactic contribu-
tion might be low to explain the IceCube observation
(Abdo et al. 2010; The Fermi LAT collaboration et al.
2014; Neronov & Semikoz 2014). A lot of works focus
on the galactic origins, which include the TeV γ-ray
point sources (Fox et al. 2013; Neronov et al. 2014), the
Galactic center, Fermi bubble region (Razzaque 2013;
Ahlers & Murase 2014; Su et al. 2010) and the diffuse
CR interaction with the ISM (Gupta 2013; Joshi et al.
2014; Guo et al. 2014). Most recently , Neronov A. and
Semikoz D. find that both diffuse γ-ray and IceCube neu-
trino excesses can be well described if the spectrum in-
dex of galactic CRs is -2.5 (Neronov & Semikoz 2014).
As the fresh CRs bear a harder spectrum than the one
required in (Neronov & Semikoz 2014), its contribution
to the IceCube neutrino excesses may not be ignorable.
With all of these high precision results, one can esti-
mate the energy power of the excess particles. For sim-
plicity, we assume that the diffuse γ-rays are all emitted
in a distance of 8 kpc from solar system. According to
2the integrated flux of diffuse γ-ray above 10 GeV, which
is 2.5×10−9 ergs cm−2 s−1 sr−1 (Neronov & Semikoz
2014), the power of excess γ-ray is ∼ 2× 1037 ergs/s−1.
Similarly, the power of neutrino excess is estimated to
be ∼ 1037 ergs by adopting IceCube spectra mentioned
above and extrapolate the lower energy side to 10 GeV
(Aartsen et al. 2014a; Neronov & Semikoz 2014). The
power of positron excess need to be estimated in a differ-
ent way. Based on the excess positron flux measured by
AMS02, its local energy density is ∼ 10−5eV . Assuming
this is the avarage value in the galaxy and considering the
volume of our galaxy is π(20kpc)2(0.2kpc) ∼ 1067cm3 ,
the power of excess positron is estimated to be ∼ 4×1036
ergs/s if the positron has a lifetime of 106 years. It is
interesting to notice that the energy power of three ex-
cess particles is in the same order of magnitude and thus
natural to ask whether these excesses of γ-rays, neutri-
nos and positrons share the same origin. If the answer is
true, one possible explanation is that one of the hadronic
interaction process is missed in the standard model of
CR propagation. Following this picture and considering
that all excess phenomena happens between ∼10 GeV to
sub-PeV, the CRs involved must have a hard spectrum
between ∼10 GeV to ∼PeV. In addition, the CRs should
be efficient in interacting with interstellar medium. Such
hard component of CRs and environment do exist in the
galactic disk around the young accelerators. Tradition-
ally, only the steady state CRs are considered when cal-
culating the diffuse γ-ray, neutrino and e+. However the
steady state solution can not describe the CRs under
acceleration and the ”fresh” CRs detained by magnetic
field around the sources. It is understandable that the
magnetic field near the source is stronger than the aver-
age one, which makes it difficult for the CRs to escape.
This paper tends to study the contribution of the fresh
CRs to secondary particle production.
The paper is organized in the following way. Section
2 describes the conventional propagation model of CRs
and the additional secondary production from the fresh
CRs interaction with ISM. Section 3 presents the results
of the calculation compared with the observation. And
finally, Section 4 gives the discussion and conclusion.
2. CR PROPAGATION AND INTERACTIONS IN
THE GALAXY
The expanding diffusive shock, generated in the ac-
tive phase of astrophisical object such as SNRs (Bell
1978a,b; Blandford & Ostriker 1978), Galactic Center
(Ptuskin & Khazan 1981; Said et al. 1981; Giler 1983;
Guo et al. 2013), can accelerate the CRs to very high
energy. Then these particles would diffuse away from
the acceleration site, and travel in the galaxy for ∼ 107
years. During the journey, the impacts due to the frag-
mentation and raioactive decay in the ISM results in the
production of secondary particles. In the meanwhile, the
electron suffers energy loss in the interstellar radiation
field (ISRF) and magnetic field, which may lead to the
diffuse γ-ray emission. Those secondary particles would
be a good tracer to understand the CR origin and propa-
gation. Considering those effects, the propagation equa-
tion can be written as:
∂ψ(~r,p,t)
∂t
= q(~r, p, t) + ~∇ ·
(
Dxx~∇ψ − ~Vcψ
)
+ ∂
∂p
p2Dpp
∂
∂p
1
p2
ψ − ∂
∂p
[
p˙ψ − p3
(
~∇ · ~Vcψ
)]
− ψ
τf
− ψ
τr
(1)
where ψ(~r, p, t) is the density of CR particles per unit
momentum p at position ~r, q(~r, p, r) is the source dis-
tribution, Dxx is the spatial diffusion coefficient, ~Vc is
the convection velocity, Dpp is the diffusion coefficient
in momentum space and used to describe the reacceler-
ation process, p˙ ≡ dp/dt is momentum loss rate, τf and
τr are the characteristic time scales for fragmentation
and radioactive decay respectively. The spatial diffusion
coefficient is assumed to be space-independent and has
a power law form Dxx = βD0(ρ/ρ0)
δ of the rigidity ρ,
where δ reflects the property of the ISM turbulence. The
reacceleration can be described by the diffusion in mo-
mentum space and the momentum diffusion coefficient
Dpp is coupled with the spatial diffusion coefficient Dxx
as (Seo & Ptuskin 1994)
DppDxx =
4p2v2A
3δ(4− δ2)(4 − δ)w
(2)
here vA is the Alfven speed, w is the ratio of magneto-
hydrodynamic wave energy density to the magnetic field
energy density, which can be fixed to 1. The CRs propa-
gate in an extended halo with a characteristic height zh,
beyond which free escape of CRs is assumed. The values
of the key parameters of CR propagation are listed in Ta-
ble 1, which is similar with previous studies except the
tuned injection spectrum (Yin et al. 2009; Zhang et al.
2010; Yuan et al. 2015).
TABLE 1
the Propagation Parameters
D0(1028 cm2 s−1) 5.5 ρ0 (GV ) 4
δ 0.45 vA (km s
−1) 32
Rmax (kpc) 20 zh (kpc) 4
It is generally believed that SNRs are the sources of
Galactic CRs. The spatial distribution of SNRs is usually
described by following empirical formula:
f(r, z) =
(
r
r⊙
)a
exp
(
−b ·
r − r⊙
r⊙
)
exp
(
−
|z|
zs
)
, (3)
where r⊙ = 8.5 kpc is the distance from the Sun to the
Galactic center, zs ≈ 0.2 kpc is the characteristic height
of Galactic disk, a=1.25 and b=3.56 are adopted from
(Trotta et al. 2011), which are suggested from Fermi
studies on diffuse γ-ray emission in the 2nd Galactic
quadrant (Tibaldo et al. 2009). The accelerated spec-
trum of primary CRs at source region is assumbed to be
a broken power law function:
q(p) = q0 ×
{
(p/pbr)
−ν1 if(p < pbr),
(p/pbr)
−ν2 · f(pˆ) if(p ≥ pbr)
(4)
where p is the rigidity, q0 is the normalization factor
for all nuclei, relative abundance of each nuclei follows
3the default value in GALPROP package. pbr is the bro-
ken energy and ν1, ν2 is the spectrum index before and
after the broken energy pbr. f(pˆ) is used to describe
the high energy cut-off. For the primary electron, a soft
spectrum index with the value of -3.5 at the rigidity 2
TV is adopted in order to agree with HESS observation
(Aharonian et al. 2008). For the nuclei, to reproduce the
knee structure of CRs, f(pˆ) can be described as following
formula based on Ho¨randel model (Ho¨randel 2004):
f(pknee) =
[
1 +
(
p
pˆ
)ǫc]−∆γǫc
(5)
where ∆γ and ǫc characterize the change in the spec-
trum at the break rigidity pˆ. Detailed information of the
parameters is listed in Table 2.
TABLE 2
The inject spectrum of primary CRs
parameters Nuclei Electron
log(q0) -8.31 -9.367
ν1 1.92 1.5
ν2 2.31 2.7
pbr(GV ) 9 5.7
pˆ(PV ) 3.68
∆γ 0.44
ǫc 1.84
The ISM account for about 10%-15% of the total
mass in the Galactic disk and its chemical composi-
tion is dominated by hydrogen and helium. The he-
lium fraction is 11% by number density. The hydro-
gen gas nH includes three main components in molec-
ular (H2), atomic (HI) and ionized (HII states. The
default gas distribution in GALPROP is adopted in our
calculation, which is based on the survey results and re-
lated modeling (Bronfman et al. 1988; Gordon & Burton
1976; Cordes et al. 1991).
By using publicly available numerical code GALPROP
and taking the main parameters described above, the di-
rectly measured proton spectrum up to ∼100 TeV can
be successfully reproduced as shown in Fig. 1 The solar
modulation potential is assumed to 550 MV. Simulta-
neously, the calculation can provide all spectra of ob-
servable secondary particles for comparison with the ex-
perimental results. We will refer those results from cor-
renponding calculation as convention model results here-
after.
Convention model calculation can describe well the
high latitude diffuse γ-ray spectra but not enough for the
spectra in the galactic plane (Ackermann et al. 2012a).
Distributed along the galactic disk, the fresh CRs has
been discussed and expected to resolve the deficit prob-
lem (Bi et al. 2009; Neronov & Semikoz 2014). If CRs do
have instant acceleration and injection, the propagation
of CRs does have an uniform diffusion parameters ev-
erywhere(inside and outside the galactic plane) and the
CR sources do have continuous spatial and temporal dis-
tribution as assumed in GALPROP, then the solution
of steady state can describe the integrated CR distribu-
tion, including fresh and old CRs. However, the proceses
of both CR acceleration and injection take time, and
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Fig. 1.— The proton spectrum in the conven-
tion model. The experiment data of proton come
from:AMS02(Consolandi & on Behalf of the AMS-02 Collaboration
2014), ATIC(Panov et al. 2006), PAMELA(Adriani et al.
2011b),AMS01(Alcaraz et al. 2000b), CREAM(Ahn et al.
2010), BESS(Sanuki et al. 2000),JACEE(Asakimori et al. 1998),
RUNJOB(Apanasenko et al. 2001),Zatsepin(Ho¨orandel 2006)
CR should diffuse slower in the galactic plane than in
the halo. The CRs should spend longer time in galactic
disk and have effectively more interaction with ISM than
what is calculated in GALPROP. Instead of using non-
uniformly distributed diffusion coefficiency in the calcu-
lation, we simply add a fresh CR component in the source
region to take care of the generation of additional sec-
ondary particles. One should be reminded that the fresh
CR component does not take part in the propagation as
the primary or secondary particles. In this work, we as-
sume that the fresh CRs have the same spatial distribu-
tion as that of the SNRs. Furthermore, the spectrum of
the fresh CRs should be close to the injected spectrum of
primary CRs. As a matter of fact, we simply employ the
injected spectrum of primary CRs as in Formula 4, but
with a rescaled normalization factor, which is determined
by the detained time. For example, if the fresh CRs take
twice the time to escape from galactic disk than that of
a normal diffusion supposed by GALPROP calculation,
the interaction between the fresh CRs and the ISM would
be doubled and the rescaled normalization factor would
be one. In this work, the rescaled normalization factor
is a free parameter and determined by best accordance
between the model calculation and the observation.
3. RESULTS ON SECONDARY PARTICLE
SPECTRA
Base on above discussion, the secondary particles are
produced from two components: steady state CRs in con-
vention model and the fresh CRs. The secondary spectra
from the contribution of convention model can be directly
obtained from the GALPROP package calculation. The
secondary particle production from the fresh CRs is cal-
culated under the GALPROP frame by switching off the
propagation of fresh CRs to keep the fresh CR spectrum
unchanged and limit the related interactions only in the
source region. After the production, the secondary par-
ticles follow the norminal propagation as those from con-
ventional model calculation. With which, the spectra of
additional secondary particles can be obtained. Given
a rescaled normalization factor, the summed spectra of
secondary particles can be compared with the observa-
4tion. By adjusting the rescaled normalization factor, we
find that a value of 0.4 offer the best agreement.
3.1. Diffuse γ-ray emission
The diffuse γ-rays in the galactic plane are pro-
duced through three major processes: decay of π0
generated by pp-collision, IC scattering off the ISRF
and bremsstrahlung by electrons. In the case of IC
calculation, the widely used ISRF model is adopted
(Strong et al. 2000; Porter & Strong 2005).
According to the available spectra of high energy dif-
fuse γ-ray on the galactic disk, four regions are studied
in this work: (a) inner most galactic plane(|b| < 5◦ &
|l| < 30◦), (b) inner galactic plane (|b| < 8◦ & |l| < 80◦),
(c) outer galactic plane(|b| < 8◦ & |l| > 80◦) and (d)
CYGNUS region. Fig. 2 (a)-(c) show the comparisons of
the diffuse γ-rays from region (a)-(c). All of our conven-
tion model calculations agree well with those from Fermi-
LAT collobration (Ackermann et al. 2012a). The gen-
eral conclusion is that model calculation can’t describe
the observation with the energy above a few GeV. After
adding the contribution from fresh CRs, also dominated
by π0 decay, the agreements between model calculations
and observations are much better improved from 1 to
100 GeV. The hard spectrum is expected to continue to
very high energy due to the hard spectrum of the fresh
CR contribution, which can be tested by diffuse γ-ray
obsevation at higher energy. Fortunately, multi-TeV ob-
servation has been performed by ground-based EAS ex-
periments in CYGNUS region. Fig. 2 (d1) show the
spectrum observed by Fermi-LAT in a wide CYGNUS
region together with model calculations. Though fresh
CR helps to explain the observation above 10GeV, the
overall theoretical spectrum underestimates the Fermi-
LAT one. This is probably because that CYGNUS re-
gion is a star formation region which contains many ac-
celerators, old and young. A full understanding should
take into account all contributions, including these from
point sources and extended sources. Another possibility
is that the ISM in this region is not properly modeled
in the calculation, if we increase the amount of gas by
25%, the calculation can have a perfect agreement with
the observation. ARGO-YBJ performed TeV observa-
tion in a slightly different area in CYGNUS region as
shown in Fig. 2 (d2). The calculated flux agrees with
the observation within experimental error. However, the
measured flux has a large uncertainty and precision test
is clearly foreseen with new observation from Tibet-ASγ
(Sako et al. 2009), HAWC (Abeysekara et al. 2013) and
future experiments such as LHASSO (Cao 2010), HiS-
CORE (Tluczykont et al. 2012). Fig. 2 shows the spec-
tra meaurement by EGRET and MILAGRO from a nar-
row band of CYGNUS region along galactic plane. Model
calculation shows very good agreement with the observa-
tion from sub-GeV to tens of TeV energy. The fresh CRs
contribute almost all the γ-ray emission in multi-TeV en-
ergy. More accurate observations of diffuse γ-rays above
multi-TeV energy will be crucial in testing the fresh CR
hypothesis.
3.2. Diffuse neutrino emission
The charged pion decay will produce neutrinos accom-
paning with the γ-rays. Different from γ-ray observation,
neutrinos interact very weakly with matter and very large
volume of target material is required to detect the neu-
trino events.
With a cubic kilometer ice telescope below the surface
of the South Pole, the IceCube collaboration reported a
detection of 37 neutrino candidate events from 30 TeV
to 2 PeV with a backgrounds of 8.4± 4.2 from CR muon
events and 6.6+5.9
−1.6 from atmospheric neutrinos during a
livetime of 988 days (Aartsen et al. 2014b). By includ-
ing TeV measurement, the neutrino spectrum is obtained
from ∼TeV to ∼PeV energy (Aartsen et al. 2014a). The
left panel of Fig. 3 shows the IceCube data points to-
gether with model calculation. It can be seen that the
theoretical calculation of allsky flux in black solid line is
lower than the experiment observation. The best-fitted
result, shown in gray solid color, indicate that the fresh
CRs contribute ∼60% of IceCube observation. It should
be noted that the galactic neutrino flux mainly come
from galactic plane according to our model calculation as
shown in the right panel of Fig. 3 in black solid line. This
conclusion apparently controdict with that of IceCube
collaboration , which claimed an isotropic distribution
based on current limited number of neutrino events. To
decribe the isotropic neutrino distribution, extra-galactic
contribution is necessary. In fact, the neutrino flux
from extra-galaxy is constrained by the measurements
of extra-galactic γ-ray background (EGB) (Abdo et al.
2010; The Fermi LAT collaboration et al. 2014) and ex-
pected to be at the level of 10%-50% contribution from
star forming galaxies (Neronov & Semikoz 2014), which
is consistent with the part uncovered by the fresh CRs.
Nevertheless, we can compare the number of neutrino
calculation and observation as listed in Table 3. Ntheo
is calculated neutrino numbers in our model after con-
sidering the 15◦ angular resolution of IceCube. We first
smear the neutrino distribution by 15◦ to obtain the ex-
pected observational distribution as shown by the red
solid line in the right panel of Fig. 3. Then, we in-
tegrate the neutrino number distribution with latitude
coodinate from −20◦ to 20◦ as indicated by the arrows
in the right panel of Fig. 3 and get the Ntheo. Nbkg is
the background numbers, estimated by multiplying the
number of event fraction in choosen region with the to-
tal background numbers(8.4+6.6) assuming an isotropic
background distribution. Nobs is the neutrino numbers
observed by IceCube experiments in the correspondent
region. It is interesting to note that the summation of
Ntheo and Nbkg agree with Nobs very well for four regions
in the galactic plane. The four regions have a same defi-
nation as that were used for comparison of diffuse γ-ray
spectra in previous section, except the latitude interval
is fixed to |b| < 20◦ to take into account the IceCube
angular resolution.
3.3. The ratio of p/p and B/C
There is a great astrophysical interest in CR antipro-
tons and Borons. It is believed that most of antiprotons
and Borons are originated from collisions of CR with
ISM. Therefore the information of CR propagation can
be extracted from the comparison between the spectra of
secondary particles with those of primary CRs. Base on
the above discussion, the fresh CRs can explain the dif-
fuse γ-ray excess, and part of the IceCube neutrinos. It
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is no doubt that the secondary particle antiproton and
Boron should exhibit excesses for energy above tens of
GeV correspondingly.
The left panel of Fig. 4 shows the calculated p/p
and the right panel shows the B/C. The blue and red
dashed line presents the calculated results from conven-
tional and fresh CR components respectively. The black
solid line gives the total contribution. Considering the
contribution of fresh CRs, the overall calculation on the
ratio of p/p is a little higher than PAMELA observation
(Adriani et al. 2010, 2014a). However, the uncertainty of
p production cross section is∼ 25% over the energy range
0.1 - 100 GeV (Donato et al. 2001, 2009), which should
lead to a same level of uncertainty in the ratio calcula-
tion. Taking all of those factors into account, the model
calculation is consistent with the observation within the
errors. On the other hand, the ratio of B/C is quite
consistent with AMS02 observation after considering the
fresh CR contribution. Owing to its hard spectrum, the
fresh CRs induced secondary p and Boron inherit a simi-
lar hard spectrum, which make the ratio of /p,B/C con-
siderably flater than that from conventional model. Such
a tendency is not obvious in current observation. In the
future, high statistic and TeV energy observation can of-
fer a crucial and definitive identification of this model.
6TABLE 3
The comparison between theoritical calculation and the
observation of IceCube (Aartsen et al. 2014b)
Region Ntheo Nbkg Nobs Event Number
Inner most 3.0 0.9 5 #2,#14,#22
Galactic Plane #24,#25,
Inner Galactic #2,#4,#14,#22
Plane 6.4 2.4 10 #24,#25,#29,
#33, #34, #35
Outer Galactic 3.4 3 5 #13,#3,#6,
Plane #27,#5
Cygnus Region 0.6 0.4 2 #29,#34
3.4. Positron and Electron Excess
The charged pion decay will produce e+e− accompany-
ing with the neutrino. In this section, the contribution of
secondary particle e+e− from the fresh CRs interaction
with ISM will be discussed.
The left panel of Fig. 5 shows the positron spectra
from two contributions. The blue and red dash line
stand for the convention model and fresh CR calcula-
tion. Because of the energy loss during the propagation
of positron, the resulting spectrum of positron from fresh
CRs become softer, which make the sum of the two con-
tributions not enough to explain the positron excess as
shown by the black dash line. The pulsar sources or
exotic physical process is required to account for the dis-
crepancy. According to the pulsar model (Yuan et al.
2015), positron spectrum from pulsar can be described
by formula 4.Combined the three parts of components,
the total calculation agree with AMS02 observation well
as shown in black solid line.
The right panel of Fig. 5 contains the spectrum of
electron from observations and calculations. The blue
dash line is for the primary electron from the acceleration
sources and the red dash line is the summation of three
contributions as for case of positron. In total, they agree
with the spectra measured by PAMELA and AMS02 as
shown in black solid line.
Because of the good agreement between the model cal-
culation and observation for both positron and electron
spectra, without surprise our model describe very well
the ratio of positron to electron as shown in Fig. 6.
4. DISCUSSION AND CONCLUSION
Origin, acceleration and propagation are the funda-
mental problems of CRs physics. In an era when high
precision and multi-messenger observation results keep
flood in, when various excesses and new phenomena con-
tinually pop up, the successful standard model of CRs
is facing stringent test and refinement. Primary spec-
tra are the most important inputs for the stand model
and have decisive effect to the spectra of secondary parti-
cles. While primary spectra measured by PAMELA and
CREAM hint that galactic CRs may have a hard compo-
nent at the source and can be responsible for the diffuse
γ-ray and neutrino excesses. More accurate observation
made by AMS02 apparently disapproves the rapid hard-
ening of primary nucleus spectra around 200 GV rigidity.
To recover the production of the hard spectra for diffuse
γ-rays in galactic plane, an alternative solution is that
the fresh CRs might have stayed longer in galactic disk
than we previous have thought.
Instead of incorporating a spatial dependent diffusion
coefficient in the calculation, by simply adding a fresh CR
component to account for the additional secondary par-
ticles production, the diffuse γ-ray excess from 10 GeV
to muti-TeV energy can be successfully explained. Ac-
cording to which, we found that the fresh CRs should
spend about 40% longer time in galactic plane than that
assumed by standard model. Same process can gener-
ate additional neutrino and explain about half of the Ice
Cube neutrino flux. However, just like diffuse γ-rays,
these diffuse neutrinos lie on the galactic plane and have
a high level of anisotropic distribution. To fully under-
stand the isotropic Ice Cube neutrino, extra-galactic con-
tribution is inevitable. Though the fresh CRs can gener-
ate right amount of electron and positron, but they are
not able to explain the total electron and positron excess
simply because of the energy loss on the journey of prop-
agation. If electron and positron can undergo a fast dif-
fusion with less energy loss, we expect that fresh CRs can
fully account for the excesses. In current scenario, elec-
tron and positron contribution from astrophysics sources,
such as pulsar is necessary. A very important difference
between pulsar and fresh CRs is that the latter model
predicts additional production for all secondary parti-
cles, including anti-proton and Boron. According to our
calculation, the ratio of p/p and B/C will become flatter
for energy above tens of GeV. High precision observa-
tion of flat ratios from AMS02 will be the smoking gun
to test the fresh CR model. From theoretical point of
view, a spatial dependent diffusion coefficient may lead
to an observable hard component in primary CRs, fur-
ther theoretical study is needed probably under the frame
of DRAGON (Grygiel et al. 2008).
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